Purpose: The aim of this study was to report the clinical and radiological outcome of using the modern porous metal cup in patients undergoing acute total hip arthroplasty (THA) for selected subset of acetabular fractures. Patient and methods: Eighteen patients with acetabular fracture underwent acute THA with modern porous metal cup from a single manufacturer. Fifteen males and three females with a mean age of 46.4 years (range 21-57 years) were ambispectively followed up for a minimum period of 48 months. All patients were evaluated clinically with Harris Hip Scores (HHS) and radiographically with serial X-rays. Results: No patient was lost to follow-up. The HHS was excellent in nine patients, good in six patients, fair in two patients, and poor in one patient. All the fractures were united and the cups were well integrated. There was no lucent line seen in any acetabular zones on the X-rays. One patient had infection, which resolved with debridement. There was one dislocation following fall, which was reduced by closed means and remained stable. One of the two patients with heterotopic ossification had restricted movement of hip but not restricting the activities of daily living. No failures of acetabular component were seen in the study. Conclusion: The current study showed that the modern porous metal cup provides sufficient primary stability and appear suitable for primary THA in acute acetabular fractures at mid-term follow-up: (i) In selected fractures, acute THA can be extended to young adult patients as well. (ii) Modern porous metal cup may provide sufficient stability with or without additional fixation required.
Introduction
Open reduction and internal fixation, the mainstay of treatment for displaced acetabular fractures, remains as the treatment of choice. 1 Nevertheless, yet there is a recognized subset of patients, where the fracture is not amenable for fixation and/or unfavorable outcome is anticipated from osteosynthesis including the risk of post-traumatic osteoarthritis in the early follow-up. 2, 3 Acute total hip arthroplasty (THA) may be an appropriate treatment option in these cases, [4] [5] [6] and this has been in practice recently with or without additional plate fixation. [7] [8] [9] [10] Apart from the fracture management, acute THA gives an advantage of early mobilization of the patient, which is the prime objective of any orthopedic technique.
Acute THA though seems straightforward is an extraordinary challenge in case of acetabular fractures because of the difficulty in obtaining acetabular component fixation. 6 The bone bed may not be adequate enough to amalgamate the contemporary acetabular shell designs. An additional fixation may also be required to provide primary Department of Orthopedics, All India Institute of Medical Sciences (AIIMS), New Delhi, India stability. The newer porous metal cups, an innovation, has unequivocally demonstrated rapid and enhanced biologic fixation of the acetabular cups into the bone. 2, 11 We hypothesize that the use of modern design porous metal cup provides good stability. Accordingly, the modern porous metal cup, Regenerex TM Ringloc ® (initially from Biomet Inc. and now with Zimmer-Biomet, Warsaw, Indiana, USA), was used in acute THA in acetabular fractures, the evaluation of which was done based on clinical and radiological examination, and the succinct details are narrated in the following text.
Patient and methods
Particulars of all the patients with acetabular fractures, who underwent THA between 2012 and 2015, were retrieved from the service arthroplasty register of the department. The patients with established post-traumatic arthritis, following conservative or operative method of treatment prior to the surgery, were excluded from the study. Patients fulfilling the inclusion criteria (Table 1) and treated with acute THA were included in the study. The inclusion criteria are based mainly on the X-rays followed by computed tomogram (CT) scans if required. Although, it is our routine service protocol to get CT scans of all the patients with displaced acetabular fracture, exceptions were in those with preexisting hip arthritis and minimal displacement. Only those cases, which are not amenable for osteosynthesis and/or anticipated poor outcome with fixation alone, were considered for acute THA. Acute THA was defined as surgery within 3 weeks of the injury. Patients not completing a minimum of 2 years after surgery were excluded from the study. This yielded 26 patients suitable for the study. The clinical and operative details were obtained from the medical records. All the patients were called up for followup in the outpatient department. They were evaluated clinically with Harris Hip Score (HHS) and radiologically with the current and serial X-rays done in the regular follow-ups as per the service protocol. Eight patients who had modern porous acetabular shell designs other than Regenerex TM Ringloc ® (Biomet, Warsaw, Indiana, USA) were again excluded from the study so as to give uniformity in the study. The remaining 18 patients (15 males and 3 females) were prospectively followed up for a minimum of 2 years so as to give an ambispective follow-up to a minimum of 4 years. Their age group ranged from 21 years to 57 years with a mean age of 46.4 years at the time of surgery.
Operative technique
All patients were operated in lateral position via posterior approach. In six patients, the incision had to be extended proximally to a Kocher Langenbeck approach due to superior migration of the femoral head, resulting from fracture dislocation. These patients also needed additional posterior plate fixation for acetabular reconstruction. The femoral head was dislocated posteriorly, and neck cut made. The femoral broaching was done successively to a press fit size and the last broach left in situ. The anterior capsule, reflected head of rectus femoris and gluteus minimus were completely released in all cases to push the femur anteriorly for better exposure of the acetabulum. The acetabular fracture was first assessed for its requirement of any major reconstruction before acetabular preparation. Posterior plates were used for additional fixation in six cases. The femoral head was used as a graft in eight cases with major acetabular defects due to severe comminution. The acetabulum was then prepared with successive reamers to the minimum possible size fit to hold the acetabular shell. The modern porous coated, multi-hole Regenerex TM Ringloc ® (Biomet, Warsaw, Indiana, USA; Figure 1 ) acetabular shell was fixed. All the acetabular shells were fixed with screws. A trial liner and head were inserted and the joint was reduced to check for its stability and soft tissue tension through the full range of movement. Uncemented femoral stems were used in all the cases. Short femoral stems were used in those patients who were physiologically young and active. Once the final head size was decided, the joint was re-dislocated to impact the definitive vitamin E polyethylene liner followed by the head, and the joint was re-reduced. One patient had undergone simultaneous fixation for ipsilateral distal femur, one patient for ipsilateral tibial shaft, and one patient with polytrauma for contralateral distal femur.
As per our service protocol, low-molecular weight heparin was given to all patients and continued till the patient is mobilized. All the patients were started on Journal of Orthopaedic Surgery 27(2)
Indomethacin 75 mg daily for prophylaxis against heterotopic ossification (HO). All the patients in our study were made to sit by the bedside on the day after surgery. On the second day of surgery, all the patients were made to walk toe-touch weight-bearing on the operated limb and with the help of the walker except the one who had contralateral distal femur fixation, in whom the mobilization was considerably delayed. Partial weight-bearing as tolerated was allowed by 3 weeks, and full weight-bearing was started at 6 weeks of the surgery. Post-operative complications were recorded. None of the patients had any issue regarding the general condition in the immediate postoperative period. All the patients were advised to follow up regularly as per our protocol at 6 weeks, 3 months, 6 months, 1 year, and then yearly thereafter. They were evaluated both clinically and radiologically in each visit. Clinical evaluation was done using HHS and by assessing the walking ability of the patient. 12 Radiological evaluation was done by assessing the position of the cup, formation of bone on its acetabular bed, and healing of the fractures. The acetabular component was assessed for the presence of any radiolucency and loosening as per the DeLee and Charnley zones. 13 
Results
All the 18 patients were on regular follow-up and were available for detail re-evaluation at the latest follow-up. The average follow-up was 57.6 months (48-70 months).
Clinical evaluation
The mean HHS recorded at the minimum 24 months follow-up was 91 (range 78-97). At the latest follow-up, the mean HHS was 90 (range 80-96). There was no significant change in the HHS at 4 years as compared to that at 2 years (p > 0.05). They were walking independently. Sixteen patients were walking without any support while two patients were walking with cane on the opposite side. Two patients, who were diagnosed with trochanteric bursitis at 18 and 24 months follow-up, respectively, after the surgery, were managed with local steroid injection. No pain recurred then after. All except one patient with heterotopic ossification (HO) had pain-free hip movements. He had pain on walking and was walking with a limp. Overall, the score was excellent in nine patients, good in six patients, fair in two patients, and poor in one patient. All except one had satisfactory clinical relief with functional improvement.
Radiological evaluation
At the latest follow-up, all the cups were well integrated. There was no loosening in any cup as evidenced by the absence of lucent lines in any zones in the X-rays. There was neither osteolysis nor any evidence of migration or change in the inclination of the component as evidenced by the serial X-rays done in the follow-ups (Figures 2  and 3) . The fractures were united in all cases as evidenced by the healing of fracture lines previously seen in the initial X-rays. There was formation of bone medial to the cup without any break, where bone graft was used to fill the defects. There was no subsidence or loosening of the femoral component as well in the serial radiographs. HO was noted in two patients. Both of them had additional posterior plate fixation. One patient with Brooker Class 2 HO remained asymptomatic and static after 2 years while the other patient had progressive increase to Brooker class 4 at the latest follow-up of 66 months.
14 The patient was explained regarding the prognosis. He was walking with a limp. However, he was managing his activities of daily living without any analgesic abuse.
Complications
One patient had infection at 3 weeks, which resolved with debridement and liner exchange. One patient had partial sciatic nerve palsy, which gradually recovered after 4 months. One patient who had sciatic nerve palsy during the time of injury did not recover even after exploration during the surgery. The nerve was found entrapped by a fragment of bone from the posterosuperior wall. The patient is managing with a foot drop splint. One patient had dislocation following a fall, which was reduced by closed means. He was given hip abduction brace for 4 weeks. The hip remained stable then after. Two patients with ipsilateral lower limb injury had limb length discrepancy (one with shortening of 1.5 cm and the other with 2 cm), both were corrected by compensatory shoe raise and were walking symptom free.
Discussion
The prevention of post-traumatic arthritis and disability is the prime objective of treatment in a displaced acetabular fracture. In young and medically fit patients, a general consensus exists regarding open reduction and internal fixation. 4 However, there are certain fracture patterns and types, where the open reduction and internal fixation might not yield a favorable outcome both immediately as well as in long term, rendering the patient with painful hip. 9, [15] [16] [17] The movements of such patients are highly compromised predisposing them to other secondary complications, which may require a total hip replacement in the near future. O'Toole et al. 3 in their study of 147 elderly patients reported a high 1-year mortality rate of 25% and conversion to arthroplasty in 28% cases, following open reduction and internal fixation for displaced acetabular fractures. 3 Kreder et al. reported the requirement of early acute THA in 54% of the patients after internal fixation for comminuted posterior wall fracture and marginal impaction. 16 These subsets of patients may eventually require a THA irrespective of the method of initial treatment. [18] [19] [20] Thus, it is worthwhile to perform an acute THA in these patients who have a likelihood of culminating in arthroplasty regardless of initial treatment. The main advantage of performing an acute THA is to minimize the delay between the acute fracture and the recovery from it. Acute THA reduces the period of immobilization and prevents secondary complications. Moreover, if an unacceptable deformity of the acetabulum is recognized soon after the injury, due to the inability to achieve an acceptable reduction or a delayed displacement, the problem can be adequately minimized or even fully corrected at the time of a promptly executed arthroplasty. 8 The initial reports on acute THA in acetabular fractures were discouraging in the past, because of reported high rates of complications accounting to technical difficulties. 2, 12, 21 Recent literature provides mixed results. Majority of them, of course, advocate acute THA in elderly patients. 2, [6] [7] [8] 22 Very few have discussed acute THA for acetabular fractures in the young adults even though their likelihood to convert into an arthroplasty remains high as per certain fracture patterns. Mears and Velyvis had reported the results of acute THA in acetabular fractures in 57 patients, including the younger patients ranging 26-89 years age. 7 With 83.33% (15 of 18) good to excellent results in the current study, the authors conclude that acute THA can be a promising therapeutic alternative even for selected younger patients as well, should any unsatisfactory outcome is expected at the beginning of the fracture treatment.
The surgical challenge remains daunting due to the acetabular fracture itself, which creates difficulty in obtaining the acetabular component fixation. The newer porous metal cups allow rapid and enhanced biologic fixation of the acetabular cups into the bone even with <50% contact with the host bone as their coatings posses characteristics similar to cancellous bone. Their ability to aggregate thrombocytes around the coating is supposed to accelerate the osteointegration of shell into the acetabular bed. 23, 24 In our study, Regenerex TM Ringloc ® multi-hole cup was used with an objective to achieve early osteointegration. Using the screws through the holes provided in the shell also stabilized the fractures. Although there is paucity of reports of use of this cup in primary THA, promising results have been reported in revision cases using the revision shell with same titanium coating. 25 Any defects seen were filled with the autogenous bone grafts taken from the femoral head. Care was taken to correctly position the center of rotation. Although, cages had been popularly used in the past to provide an initial stability, they are studded with certain shortcomings including, failure to achieve a rapid union Journal of Orthopaedic Surgery 27 (2) of the acetabulum leading to premature loosening of the cage, late deterioration of the bone cement interface with subsequent loss of fixation of the cup, and non-anatomical configuration where the cup does not fit properly in a highly deformed acetabulum. 26 The senior author (RM) has a vast experience of using special cages with osseointegration potential in the past, especially in severely comminuted displaced fractures where it is difficult to achieve a precise anatomical reduction. 27 However, the indications were limited to elderly patients only. The authors' choice of implant for acute THA in relatively younger patients has been a modern porous metal cup with or without additional plate fixation, while biological cages or cup cage construct are the choices in cases of elderly with osteoporotic bones or severe bone loss not amenable for fixation.
There is paucity of literature reporting the use of these modern porous cups for treatment of acute acetabular fractures. Initially used in revision surgeries only, these shells are being provided by the manufactures with a metal back, suitable for use in primary THA as well. 11 Kamath et al. reported the results of 12 patients (age ranging 24-88 years age) with acetabular fracture, who underwent THA using porous metal cups. 28 At a mean period of 20 months, all the patients had favorable outcome except one. At average follow-up of 3 years, the porous metal components afforded improved clinical and radiographic outcomes in the majority of patients. The porous metal cups used in primary THA for conditions other than acetabular fractures have also been reported to have excellent results. In a study by Naziri et al. using highly porous titanium cups for 288 primary total hip replacements in 252 patients, no signs of progressive radiolucencies or changes in cup position were noticed at a mean follow-up of 36 months (range 24-56 months). 29 The mean HHS improved from 53 to 91. In another study by Noiseux et al. using a highly porous tantalum cup for 613 primary total hip arthroplasties in 558 patients followed up for 2-10 years, 98.9% survivorship of the acetabular component, free of revision for any reason, and 100% survivorship of the acetabular component, free of revision for aseptic loosening, were reported. 30 The outcome of our study supported the hypothesis that the use of modern design porous metal cup provides good stability; we could obtain early stability, durable fixation, and good to excellent results in this mid-term follow-up in our study probably due to early osseointegration of the host bone with porous coated shell.
Conclusion
The results achieved in our study support the contention that primary total hip arthroplasty, using the modern porous metal cups, can be recommended for the successful management of selected types of acetabular fractures. The indication for acute total hip arthroplasty can be extended to young adult patients as well. However, longer follow-up may be required to vindicate our results further.
Limitations of study
There were certain limitations in our study. We had a small subset of patients. Nevertheless, excellent results in this subgroup of relatively young patients with mid-term follow-up using the modern porous metal cup can encourage its use in acetabular fractures. The other limitation in the study is that it is an ambispective case series; however, a prospective randomized study would hardly be possible on this topic. The main contributing factor for choosing this design in acute THA was senior author's experience using the contemporary designs in initial few cases and cases of post-traumatic osteoarthritis with less satisfactory results in early follow-up. Still, with limited evidence for acute THA in patients with acetabular fractures, the authors' strongly advocate that the surgeon's practice and expertise are still the most useful tools in clinical practice.
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